The Scinapse Undergraduate Science Case Competition (USCC) allows undergraduate students to experience the development of a new research proposal based off a given topic. A case is presented to all participants and using an in-depth literature search (publications, reports, studies and published writings), students connect and pinpoint key elements allowing them to construct a hypothesis in support of the case in question. The participants will then design a controlled experiment to determine whether their hypothesis is valid or not. Students register in teams of 2-4. The first round of the USCC involves the submission of a written proposal. The top 10% of proposals will be invited to uOttawa to compete in a poster competition against finalists of other universities from across the province. This year's topic was hydraulic fracturing, a process that entails many environmental and health related challenges. The 2018 USCC attracted 743 students from 9 universities across the country, the top 25% of written submissions are highlighted in this abstract booklet. Scinapse is part of a larger organization, Undergraduate Research Initiative (URI), with the primary goal of inciting interest in research and developing related skills. More information on Scinapse and URI can be found at http://scinapsescience.com and http://uri-irpc.ca.
The process of hydraulic fracturing is used internationally with the aim of releasing gas and oil. This process has raised many concerns in regards to environmental and health impacts. This paper investigates the impact of exposure to silica sand which is used during the fracking process. The link between mild respiratory obstructions caused by silica sand overexposure and white matter impairment due to decreased oxygen levels in the brain is examined by comparing fracking workers and nonworkers. Participants are to be tested using High Resolution Computed Tomography to examine mild lung impairment due to constant silica exposure. The use of Diffusion Tensor Imaging is proposed in order to identify the effect of mild lung impairment on white matter pathways in the brain. Furthermore, the overall impact of cognitive impairment in fracking workers is to be assessed by comparing worker and non-worker performance on the Mini State Mental Examination. This study seeks to examine the cognitive wellbeing of fracking workers. Gradual cognitive impairment is not as evident as physical impairment and is therefore commonly neglected in research. However, cognitive wellbeing is vital to a better quality of life and is therefore a highly significant issue that requires further examination.
Evaluating various methods for the degradation of nonylphenol in hydraulic fracturing fluid
Justen Choueiry, Antony El-Khoury, Emmanuel Nassrallah, Justin Thomas University of Ottawa, Ottawa, Ontario, Canada Nonylphenol, an endocrine disrupting chemical, is a component of the fracking fluid used in hydraulic fracturing and often leaks into groundwater sources. This hazardous chemical binds to estrogen receptors and acts as an androgen antagonist, leading to several potentially lethal health effects. Electrochemical oxidation, direct photolysis and photoelectrocatalytic oxidation are techniques that utilize UV radiation and/or electricity in order to degrade nonylphenol. There are several variables that can greatly affect the efficiency and magnitude of the degradation such as: pH, temperature, photocatalyst, photon flux and duration of UV exposure. Additionally, capillary gas chromatography / mass spectrometry can be used to quantify the chemical content of the experimental samples. This proposal seeks to find an optimized and practical technique for the degradation of nonylphenol that can realistically be integrated into the hydraulic fracturing process. We propose to use a baseline for each factor based on existing literature and varying each factor independently while observing the effect on the time it takes to degrade nonylphenol. We will also test each treatment process individually, so as to further isolate an Hydraulic fracturing has become a very popular method of extracting natural gas. Even though there has been an increase in fracking activity, fugitive emissions like methane and hydrogen sulfide are escaping more frequently, creating health hazards. This application will focus on an effective method of reducing these fugitive emissions based on a very unique proposal: using molecular sieves or zeolites to capture methane and hydrogen sulfide molecules. We propose running laboratory trials with zeolites that have an affinity for methane and hydrogen sulfide molecules, to examine their effectiveness.
The use of Candidatus Methylomirabilis oxyfera to reduce methane levels in groundwater resulting from flowback fluid contamination Zahin Hafiz, Moina Malek University of Toronto Scarborough, Toronto, Ontario, Canada Hydrofracking is a technique that allows for the extraction of natural gas and oils by the use of pressurized liquid. Although effective in performance, there have been several accounts of groundwater contamination due to the leakage of flowback fluid (fracking waste). As a result, methane and other volatile organic compounds (VOC) are transferred from flowback fluid to surrounding aquifers, and then into drinking water. This presents both environmental and health hazards. This problem can be rectified by the incorporation of methanotrophs such as, Candidatus Methylomirabilis oxyfera, in flowback fluid which have the ability to oxidize methane and VOC to less threatening compounds. Our proposal involves simulating the underground environment to observe the behavior of methanotrophs (4000 feet below the surface of the Earth) with the use of two distinct techniques which are gas chromatography and GFP technology.
(material that will prevent fracture closure) is pumped at high pressures through an array of special triplex and quintuplet pumps. These pumps propel the water into previously induced fractures by piston systems, which horizontally induce discontinuity in the bedrock above and below the horizontal arm. Large enough fractures allow the backflow of natural gas, which is often thoroughly collected. Components that compose natural gas consist of methane, propane, and traces of butane. When analyzed, 90% of the molecular composition of natural gas is attributed to methane. When there is leakage of natural gas (which is frequent; 30% of U.S. wells are leaking), there is methane pollution in the atmosphere. Methane is a non-polar, volatile organic compound; gas at room temperature, that is 28-36 times more efficient in trapping heat than carbon dioxide. Although the single-carbon gas lingers for a time period of 12 years, compared to the 200 years required for carbon, the high efficiency of its ability to trap heat correlates to recent spike in temperatures due to global warming. Methane itself is not immediately toxic to the human body, however, sunlight converts methane into formaldehyde, which induces damage to upper respiratory tract and is found to cause rhinitis. Short term exposure to formaldehyde results in the burning sensations of the eyes, nose, and throat; coughing; wheezing; nausea; and skin irritation. Methane produces 50% the carbon dioxide as coal when burned making it an efficient fossil fuel, but the extraction process of methane is the true source of emission due to the intentional and unintentional dumping of molecular methane gas (CH4) in the atmosphere. This paper aims to demonstrate the ability of methanotropic bacteria Methylococcus capsulatus treated with a drug (fomepizole) to inhibit an enzyme; Alcohol Dehydrogenase (ADH), and using Copper (II) Oxidate to increase the presence of an enzyme; methane monooxygenase (pMMO), which will catalyze the reaction of methane (CH4) into liquid methanol (CH3OH). Fomepizole is used to prevent the conversion of desired product methanol into formaldehyde by the bacteria. The purpose of the following proposal is to efficiently process methane and all its harmful effects into a fossil fuel; methanol, which is easily transported while producing less carbon dioxide than coal. Hydrofracturing is a pressurized fluid-based method of deep-rock stimulation used to facilitate the release of trapped natural gas and petroleum. Arsenic contamination of water, a common by-product of hydrofracturing, is associated with numerous health and ecological concerns. Recent phytoremediation research has identified candidate plants capable of resisting and storing high concentrations of heavy metals within their tissue. Termed hyperaccumulators, recent work has been targeted at identifying the underlying "hyperaccumulation genes" in the interest of developing transgenic phytoremediation approaches. While identification has been successful, large-scale applications have yet to be conducted due to ethical and ecological barriers. Here, we propose the use of viral vectors to confer hyperaccumulation properties to native flora affected by hydrofracturing in a non-transgenic manner. Tomato mosaic virus (ToMV) is a non-retroviral RNA Tobomovirus capable of being engineered to produce fusion coat proteins. Through insertion of a PvACR2 hyperaccumulator gene, we construct a ToMV that facilitates production of arsenic-binding particles in target hosts. Thus, infected hosts are capable of hyperaccumulative behaviour by sequestering arsenic inertly within the cytosol. Through further modification with ToMV resistance genes and Pumilio and FBF (PUF) RNA binding proteins, we induce species selectivity within our ToMV construct such that conferred hyperaccumulation is specific to Arabidopsis thaliana. Finally, we take advantage of the high environmental stability of ToMV, using direct irrigation methods to confer hyperaccumulative activity to the native flora of hydrofracturing sites. Our approach is expected to yield reduced arsenic contamination in surrounding water and soil while remaining ecologically non-detrimental and largely reversible.
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Optimization of canola (Brassica napus L.) biodiesel production in puroindoline-expressing cultivars to minimize hydraulic fracturing practices Yixin Jiang, Elena Kum, Peter Lee, Kathy Yu University of Western Ontario, London, Ontario, Canada
Hydraulic fracturing accounts for such a significant proportion of the world's petroleum and natural gas supply that replacing or modifying this productive technique would insufficiently meet energy demands. Instead, we propose to reduce reliance on fossil fuels derived from hydraulic fracturing by optimizing production of Brassica napus L. (canola) biodiesel, a Unconventional oil and natural gas extraction techniques have recently enabled the exploitation of vast reserves of previously inaccessible resources. Hydraulic fracturing (fracking) facilitates natural gas extraction from underground reservoirs by pumping a highly pressurized mix of water and other compounds into shale rock to create fissures through which gas is released. While significant economic benefit has resulted from the development and usage of fracking, the process has been associated with numerous severe environmental and health consequences. Of particular concern, fracking generates large volumes of contaminated wastewater, including flowback water and produced fluid, and which often contain large quantities of organic toxins, heavy metal ions, and radioactive isotopes. Inadequate and inefficient wastewater treatment strategies have led the fracking industry to inject billions of gallons of this wastewater into the ground each year as a disposal method. There is therefore an urgent need to improve decontamination processes to alleviate the negative environmental and health impacts of fracking. A synergistic wastewater treatment process using TiO2 photocatalysis to mineralize toxic organic compounds by UV light exposure (advanced oxidation processes), followed by capacitive deionization to remove heavy metal ions and radioactive nuclei through adsorption on parallel graphene sheets, is herein described. The entire decontamination strategy would operate as an inline flow-through process and would be self-contained and portable. By implementing this coupled wastewater purification alongside fracking operations, rapidly and effectively purifying water from organic and ionic toxic impurities, fluid reuse would be enabled and the environmental impact of large volume ground injections could be minimized.
Flowback water recovered after hydraulic fracturing operations poses a serious environmental concern due to the sheer quantity produced and its toxic chemical composition. Traditional methods of wastewater treatment cannot be used for flowback water treatment due to its high concentration of non-biodegradable dissolved solids. Consequently, alternative technology has been developed to address this problem. Reverse osmosis (RO) treatment is one such example. However, guar gum gelling agents found in flowback water impede membrane permeability and water flux rate of RO, consequently decreasing the efficiency and practicality of this desirable, environment-friendly technology. Previously, a biological solution using activated sludge to degrade guar gum prior to RO treatment was attempted with limited success due to the inhibitory effects of hypersalinity (characterized by high total dissolved solids content) on microbial activity. To solve this problem, several recently discovered strains of bacteria and archaea found to be naturally enriched in fractured shales may be utilized through genetic modification to degrade guar gum under hypersaline conditions. These microbes are naturally halotolerant and thrive under hypersaline conditions, making them prime targets for genetic modification targeting various chemical additives in flowback water. Here, we provide a proof of concept model using these microbes to selectively target guar gum degradation to improve the efficiency of RO treatment. Fracking, the use of hydraulic pressure to extract natural gas and oil from the ocean floor, has significant effects on human and environment health. Specifically, polycyclic aromatic hydrocarbons (PAH) released from fracking is associated with immunosuppression and carcinogenic effects. Bioremediation, the use of microbes to treat contamination, is an efficient and cost-effective method of PAH removal. The formation of bacterial biofilms, an aggregation of cells enclosed in a polymeric extracellular matrix, is a naturally-occurring phenomenon that significantly improves bioremediation efficiency through the promotion of bacterial resilience and the secretion of surfactants that can emulsify hydrophobic substances. Biofilm formation is typically regulated by cell density. However, the 2-heptyl-3-hydroxy-4(1H)-quinolone (PQS) signal molecule has been identified as a cell density-independent regulator of biofilm formation. Several research groups have demonstrated that the addition of exogenous PQS protein upregulates biofilm formation. We have designed a PAH-inducible plasmid for the transformation Pseudomonas aeruginosa (P. aeruginosa), a bacterial strain implicated in the metabolism of select PAH. The genetically engineered strain of P. aeruginosa overexpresses the PQS protein. We propose that the overexpression of PQS enhances biofilm formation and the biodegradative efficiency of P. aeruginosa. The successful development of a genetically engineered strain of P. aeruginosa may contribute to bioremediation efforts and pollution clearance to reduce human and environmental health consequences associated with the fracking. Hydraulic fracturing (fracking) is a process to free natural gas trapped in shale rock by pumping high pressure water, proppant and other chemical compounds into the earth at high pressure. This process is highly polarizing due to potential environmental risks. Fracking generates Hydraulic Fracturing Flowback and Produced Water (HF-FPW) which has been shown to contain high concentrations of heavy metals, radionuclides and hazardous and carcinogenic organic molecules. Research by the environmental protection agency (EPA) has shown a high risk for contamination of groundwater (and drinking water) with HF-FPW. Recent studies have also established that exposure to HF-FPW can lead to oxidative stress in Rainbow Trout. The impact of exposure to water contaminated with HF-FPW in mammals has yet to be assessed. This study examines the impact of drinking water contaminated with HF-FPW in mice (Mus Muculus). 45 mice were randomized to have a control group or 2 different treatment arms. The control group received clean drinking water while one treatment arm received water contaminated with 10% HF-FPW (v/v) and the other treatment arm received water contaminated with 50% HF-FPW. Mice were exposed to the treatment for 1 week before they were euthanized. Their livers are then extracted and analyzed using the TBARS assay to quantify the effects of oxidative stress. As fracking grows increasingly important in energy production, this study provides crucial information about its potential impacts on the health of mice which can be extrapolated to humans.
The application of genetically engineered
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Inhibition of microsomal epoxide hydrolase using valpromide to reduce carcinogenicity of polycyclic aromatic hydrocarbon (PAH) pollution released from fracking Dana Brinson, Catherine Cellucci, Kritika Padala, Katelyne Schram University of Ottawa, Ottawa, Ontario, Canada
Of the many issues that have resulted from hydraulic fracturing, the release of toxic pollutants into the air is one of the most severe. One of these pollutants includes polycyclic aromatic hydrocarbons (PAHs) which are chemical compounds released during fracking. Modification of these molecules in the body is carried out by the enzyme epoxide hydrolase (EH), which produces metabolites that may be mutagenic. If these metabolites are not excreted, they may be stored in adipose tissues resulting in serious health concerns. Valpromide, a competitive inhibitor, has been shown to successfully block microsomal EH (mEH) activity. This allows metabolites to bind to other conjugates, favoring excretion. Additionally, inhibition of mEH may result in a decreased rate of DNA adduct formation caused by PAHs. Formation of DNA adducts leads to mutations being induced into the DNA structure. The effectiveness of valpromide as a preventive measure will be tested through administration to mice that have been exposed to PAH levels similar to fracking sites. Mice who are null in mEH gene (mEH-/-) and wild-type (WT) mice will be compared using tissue, urine and blood samples for metabolites. In addition, their liver's will be harvested to isolate DNA and a 32P-postlabeling assay will be used to measure DNA adduct formation. If proven successful, the use of valpromide for mEH inhibition may act as a preventative measure for debilitating illnesses such as cancer. In environments with high PAH concentrations such as fracking sites, this treatment could become essential for the health of workers.
Anaerobic bacteria in permeable reactive barriers for the degradation of BTEX Florence Grenapin, Rim Al-Siss, Mariam Taktek, Si Yu Zhang University of Ottawa, Ottawa, Ontario, Canada
Natural gas is an inseparable part of modern life. With the depletion of easily accessed natural gas deposits, developers have turned to fracking shale to meet demand. The human and environmental impact of fracking cannot be understated. Hydrofracking involves pumping fluid into shale to release the gases trapped within; a process that uses a copious amount of water containing toxic chemicals such as Benzene, Toluene, Ethylbenzene, and Xylene (BTEX). Therefore, filtration of water targeting BTEX is crucial to reduce their amount escaping into the environment. Currently strains of bacteria found in nature have the metabolism to degrade benzene into non-toxic constituents such as carbon dioxide or water. These bacteria can be employed in a permeable reactive barrier (PRB) around the fracking well to degrade fluid that leaks from the well. This proposal aims to create a PRB that contains anaerobic bacteria that will degrade BTEX emerging from leaking fracking fluid to prevent the contamination of the surrounding environment.
Hydraulic fracturing is the industry standard for extracting hydrocarbons from shale formations. Although much attention has been paid to the economic benefits and environmental impacts of this process, little attempts have been done to recycle the resulting wastewater. Previous works have confirmed that wastewater reservoirs contain substrates that could support biogenic methane production, and even contain microbes from the methanogens family that are known to contain genomes coding for methanogenesis. However low yields of methane are observed at these ponds despite high concentrations of substrates. We propose that transformation of these microbes with genes encoding for key enzymes from the methanogenesis pathway, starting from methanol, would result in higher production of methane gas. It is our hope that potential for revenue will provide incentive for the hydraulic fracturing firms to invest in a solvable problem for wastewater recovery. It would also provide a proof of concept for removal of other contaminants prior to entry into a wastewater treatment plant using microorganisms.
Bioremediation of uranium in radioactive wastewater via genetic engineering Deinococcus radiodurans Dorian Grey, Anandu Nair University of Toronto Scarborough, Toronto, Ontario, Canada
The treatment of radioactive wastewater produced from hydraulic fracturing is an economically expensive process that requires excessive transportation of water to treatment plants. This transportation process also poses a significant environmental risk due to the high levels of radioactive toxins (Uranium and Radium) present in the water. This proposal investigates the possibility of an on-site (at the well) method of treatment that will minimize transportation costs using a bioremediation approach. By genetically engineering a strain of the extremophile, Deinococcus radiodurans, with the electroconductive pili inducing gene from another bacterium known as Geobacter sulfurreducens, we will attempt to engineer a microorganism capable of reducing radioactive uranium molecules present in frack water. This will serve as a more efficient treatment method by minimizing radiation exposure in the environment and greatly reducing expenses for fracking wastewater treatments. Hydraulic fracturing is an unconventional method of oil and gas extraction that has been met with a combination of praise and disapproval. Through hydrofracturing, water resources can be compromised by unintentional release of toxic materials into the surrounding environment. Our project is focused on utilizing synthetic biology to minimize and prevent the harmful consequences of heavy metal residues in water. In particular, increased levels of lead in water produced by hydrofracturing will be filtered using a genetically engineered biofilm. We propose a novel water filtration system featuring a biofilm composed of modified curli fibers. These curli fibers can be engineered to sequester lead ions through the use of PbrR, a repurposed lead binding protein.
Bajwa et al. | URNCST
Using optical properties to quantify BTEX concentration in blood
Bingruo Liu, Adele Nikitina, Netra Unni University of Toronto St.George, Toronto, Ontario, Canada Hydraulic fracturing has evoked a significant number of health concerns due to the workers' long-term exposure to toxins. One of the most common toxins are volatile organic compounds (VOCs), including benzene, toluene, ethylbenzene and xylene (BTEX compounds). Although external monitoring devices of BTEX levels are commercially available, they fail to accurately reflect individual intake levels of the toxins. Hence, it is desirable to develop a wearable technology for fracturing workers to continuously monitor their BTEX levels in the body and take medical precautions as needed. Enlightened by wearable pulse oximeters that use light absorption of hemoglobin to detect changes in its concentration in blood, it is proposed that similar optical properties can be integrated to develop wearable BTEX monitors. This research project hypothesizes that significant changes in blood optical properties, including light absorption, refraction and scattering, can be observed under varying levels of BTEX concentration. The proposed method entails examining human blood samples with controlled concentrations of BTEX through Fourier transform infrared spectroscopy (FTIR), refractometry and dynamic light scattering (DLS). Despite the limited fidelity of the blood samples to an in vivo environment (i.e. lack of skin barrier, blood vessels, etc.), it has the potential to become the foundation of a wearable BTEX monitoring device. This device can use the aforementioned optical properties to continuously and noninvasively detect blood BTEX levels in fracturing workers. Future steps include investigating the effect of the skin barrier, determining personalized baselines, and designing an integrated sensor-receptor system easily wearable by the workers.
Evaluating polyacrylate-styrene copolymer (polyFAST) and benzoyl-vinyl acetate copolymer (polyBOVA) as possible thickening agents for CO2 fracturing fluid Christopher Chan, Natalie Eng, Meor Hakeem, Crystal Liu University of Alberta, Edmonton, Alberta, Canada Hydraulic fracturing has been the conventional method of extracting hydrocarbons from shale formations. However, there is evidence to suggest that the process is detrimental to environmental and human health, mainly due to the chemical additives necessary for water-based fracturing fluid. Carbon dioxide fracturing, which uses a CO2-based fracturing fluid, has been proposed as an alternative that would eliminate the need for many of these chemical additives. However, the low viscosity and poor proppant carrying capacity of CO2 is a significant obstacle to using this technique. Proppants are essential to the fracturing fluid as they increase the permeability of rock formations, allowing for the extraction of hydrocarbons. For this method to be viable, the physical properties of CO2 fracturing fluids must be altered to improve their proppant carrying capacity. Based on previous studies, we propose an investigation of two polymers-fluoroacrylate-styrene copolymer (polyFAST) and benzoyl-vinyl acetate copolymer (polyBOVA)-as potential thickening agents to increase the viscosity of CO2 and to optimize its ability to transport proppants. Assessing the solubility, viscosity, and proppant transport performance of the CO2-polymer mixture using both experimental and computational methods will provide a clearer picture as to which of the two proposed polymers is most suitable. This work will contribute to the continuing development of a fracturing technique that aims to minimize its environmental impact. Resource extraction process of hydraulic fracturing (HF) has raised concerns due to the addition of toxic hydrocarbon contaminants in groundwater. However, the extent of pollutants introduced by HF in water has been under much dispute. Nonetheless, indication of unsafe levels of harmful toxins warrants to be addressed by a purification system. The current techniques attempt to accomplish this filtration but are inefficient and expensive. Thus, we propose to use a novel purification technique consisting of propeller induced cavitation and multilayered biofilms formed using the microorganismsDechloromonas aromatica, Marinobacter aquaeolei and Pseudomonas putida -to aid in groundwater remediation of potable water.
Testing alternative hydro fracturing methods against conventional methods Joseph Auger, Ethan Dykstra, Tamjeed Khan, University of Guelph, Guelph, Ontario, Canada
As a key turning point in energy technology of the 21st century, hydrofracking is one of the greatest discoveries for extracting natural gas from shale deposits. Establishment of hydro fracturing technology gave rise to natural gas industry as the potential leader in energy use and production sector globally. However, there are water use concerns surrounding hydrofracking. The goal of the experiment is to critically analyze the water usage of hydrofracking techniques including conventional, mechanical impulse hydraulic fracking, gas fracking and injection fluid hydraulic fracking. 30cm x 30cm x 30cm 3 sediment samples consisting of limestone, granite and concrete will undergo experimental fracking using true-triaxial equipment to determine fracking patterns and sediment displacement. The resulted fracking patterns from each treatment will be compared with the cohesive element method to model microstructural damage and initiation of micro cracking at bore hole of the samples. A restricted volume of water will be applied to each treatment to understand the amount of water required to displace fractured sediment. The comparison of the weight before and after the fracking process will determine which technology will be most efficient at fracturing.
Global Health
Severity of asthma in offspring after gestational exposure to fracking-related air pollution Rimsha Chattha, Maher Jibrini, Emma Yu McMaster University, Hamilton, Ontario, Canada Volatile organic compounds (VOCs) have become a large area of research in regards to their effects on the health of humans; one site of origin of airborne VOCs are fracking sites. Since asthma can be exacerbated by VOCs, this study aims to identify the effects that gestational exposure to fracking-related air pollution has on the severity of asthmatic attacks in the offspring. Asthma is a chronic respiratory disease that leads to a decline in quality of life, making it an essential research focus in the field of health sciences. Using a mouse model of acute asthma, we propose to investigate airway resistance and compliance following gestational exposure to either fracking-related air pollution or filtered air using a FlexiVent system.
